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EXECUTIVE SUMMARY

PROBLEM

Investigate the use of the new spectroscopic emission technique, inductively coupled
plasma (ICP) optical emission spectroscopy. in conjunction with spark erosion of conductive
solids nebulization (CSN), in obtaining rapid elemental analysis of metal alloys.

RESULTS

Enthalpies of vaporization were shown not to be the determining factor in the amount
of material eroded in medium-voltage sparks. The melting behavior of the alloys seems to have
a more significant effect on the amount of material eroded. Perhaps. instead of direct
vaporization, the mechanism of erosion involves the mechanical sputtering of molten metal
into the aerosol. However, in a standard spark source. for which both erosion and excitation
! occur simultaneously, the sample eventually must be vaporized to give an atomic emission
signal. While it might be expected that melting would not plav such a significant role for
standard spark sources as the CSN-ICP measurcments reported here would indicate,
comparative measurements of iron emission signals from iron-nickel and iron-chromium alloys,
using a standard spark system, yield results similar to those observed in this work: the
chromium alloys show much less iron intensity than nicke! allovs with the same iron
concentration. The important factor may be the amount of matenial present in the discharge
gap., where vaporization and excitation take place. The sputtering of material into the gap. and
thus the melting behavior, would then be important even in a standard spark stand. Copper-
zinc alloy results show that effects other than melting behavior must be important for aerosol
generation, but the identity of these effects could not be determined. The results of the CSN-

. o o

v

ICP stainless steel calibration indicate that. even though the causes of vanation in the amount
of material eroded are not completely understood. they can be corrected by a simple intensity
ratio and matrix dilution calculation procedure when linear curves are produced. The
calibration yielded superior analysis results for the main elements of stainless steels ot widels
varying composition.

RECOMMENDATION

The use of CSN-ICP for the examination of highly alloyed materials. rather than
standard spark analysis equipment, is recommended.
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INTRODUCTION

Spark emission analysis has been used for many vears to obtain rapid elemental
analysis of metal alloys. The general principles of the technique are straightforward. A
medium- to high-voltage spark is used to volatize, atomize. and excite the sample to emit
visible and ultraviolet light. Since atoms emit light at discrete wavelengths (commonly called
“emission lines") characteristic of the atomic species present. it is possible to disperse the
wavelengths with a grating and detect light emitted by specific elements. If a calibration
relationship can be established between the intensity of the light at a given wavelength and the
concentration of an element in an alloy sample. the alloy can be anaivzed quantitatively for
that element.

There are a number of factors that affect the calibration behavior ot an atomic
emission line. These include variation in sample volatization, self-absorbtion of ¢mitted
radiation by “cold” atoms in the discharge plasma. and interference trom coincident or adjacent
atomic lines from other elements. Consequently, calibration ot spark instruments for
quantitative analysis is an empirical process. Usually, a difterent st of calibration curves iy
generated for each alloy type to be analyzed. This results in considerable expense in operator
time and training. and requires a targe number of difterent (and expensive) standard reference
materials. The operator must be vigilant to be sure that the calibration standards he is using
match the sample being analvzed: otherwise, inaccurate analvses will result. In some cases.
particularfy tor highly alloved metals in which the concentrations of alloving clements can vary
widely. 1t 1y impossible to generate acceptable calibrations. 1t is suspected that the ditticulty
encountered in analyzing highly alloved metals is caused because changing the content ot the
alloving elements 1n a metal alloy drastically changes the amount ot sample that is volatized.

Recently. a new spectroscopic emission technique. inductively coupled plasma (ICP)
optical emission spectroscopy. has become popular. The 1CP is generated in a stream of argon
gas that is 1onized by an induction field set up by a coil surrounding the quarts torch that
channels the argon stream. The sample s introduced up the central axis of the evhindrical torch
and is excited to emit light by the plasma. Because the sample is excited in the center of the
plasma. the light source s optically thin and produces vers lincar calibration curves. In
addition, the 1CP operates at a temperature that is high enough (5000-10000 Ki to produce
atoms of even refractory materials. Usually. the sample is introduced into the TCP as a liquid
solution. This can sometimes be a imitation for the analvsis of metal allovs, since it can be
difficult to completels dissolve some metal alloyvs Furthermaore, the dissolution step is usually
time-consuming and susceptible to errors.

In the last tew vears. a technigue has been developed to introduce metal samples to the
ICP in a more convenment manner. The method s called spark crosion or conductive solid .
nebulization (CSN). This method employs a spark source to erode material from the alloy and
produce an acrosol that is introduced into the plasma. This avoids the sample dissolution step
in TCP analysis, vet stll allows the use of the favorable properties of the ICP as an emission
source. It s a particularly interesting method of analyvsis because the generation of acrosol s
separate from the excitation process. Itis thus possible to separate complicating effects in the
acrosol generation from those in the excitation,

Since the CSN s really just a classical spark source connected to a very linear
clemental detector, it prosades an excellent method to study the properties of sample erosion
caused by the spark source. The sample erosion properties of several altovs are examined here
with CSN-ICP. An attempt s made to correlate, at least qualitatively. this crosion behavior
with the physical properties of the alloy. Results from an actual analyucal calibration using
CSN-ICP are given to illustrate a simple method of correction tor vanations in sample eroston,
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EXPERIMENTAL SETUP

SPECTROMETER

The spectrometer used was an Applied Research Laboratories 3580. The optical
properties of this instrument are described in an earlier reporLl The plasma torch was operated
with 1200 watts of incident power. Reflected power was less than five watts when aqueous
solutions were introduced with a nebulizer of the pneumatic concentric type. When aerosol
from the CSN was introduced to the torch. the reflected power ran at about 15 watts.

The CSN was also manufactured by Applied Research lL.aboratories. A simple
schematic of the principle involved is shown in figure 1. The CSN consists of a spark source
and a spark analysis table. Argon gas passes through the table and sweeps the aerosol that is
generated by spark activity through a length of Yi-inch plastic tubing into the plasma torch.
When the CSN s used. the torch is connected to this tubing instead of to the normal liquids
spray chamber. Because no water i1s introduced into the torch when the CSN is used. the torch
temperature is shghtly difterent from that of normal liquids operation. and no OH molecular
emission bands are present in the spectrum.
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Figure 1. Schematic of the sampling arrangement
for the CSN.

When the CSN 15 used for spectrochemical analvsis. the procedure is to first purge the
svstem for 5 seconds with a 124 min flow of argon. The sample is then presparked for
20 seconds with the argon flow reduced to 5£ min. Finallyv, the source conditions are changed
and the argon flow reduced again to 14 min while signals are integrated. A rough schematic of
the sparking circuit is shown in figure 2. The capacitor C is charged to a preset voltage by the
charging circuit. When the capacitor is fully charged. a high voltage (17-kV) spark ionizes a
path to the sample and the capacitor discharges through I and R to attack the sample. This
charge and discharge cvcle takes place at 120 Hz. The capacitor value s fixed at 10 g During
presparking. 1. = 20 uH and R is removed from the circuit. The capacitor is charged to 500V

to
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for iron. nickel. and copper-base materials. and 350 V for aluminum. The purpose of

presparking is to melt and homogenize the sample surface. The conditions are thus chosen to >
provide a high discharge current. During integration, 1. = 120 uH. R = 2.2 (). and the capacitor i

is charged to 400 V for iron. copper. and nickel bases. and 350 V for aluminum. Under :_
integration conditions, the resulting spark current is essentially a semisinusoidal pulse of about ~
0.5-ms duration. When the capacitor is charged to 400 V. the peak current in the pulse is about ::'-‘
60 A. Because R is larger than the resistance of the samples (which are typically a few tenths of .:_

.

an ohm). the current provided during integration 1s essentially constant. and independent of the
sample. Consequently. the energy expended in the discharge gap remains relatively constant.

RoL
- —— S g
T : ‘ T
: CCHARGING —he AT e T
 CIRCUIT | & L T CiRTLIT
S — 1 1 R
S SO o
: ANALYTIZAL —-
CAP

Figure 2. Rough schematic of the CSN sparking circuit.
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STANDARDS

G

[l Y

Copper-base binary standards were obtained trom BNE Metals Technology Center of
Wantage. Fngland. Chromium-iron binaries and nickel-iron binaries were obtained from SKF
Steel. Sweden. and the Rescarch Instutute of Siderurgie. France. (Iron-cobalt binuries were also
from the Rescarch Institute of Siderurgie ) Stainless steel standards tor analyucal calibraton
were from the National Burcau of Standards and the Brammer Standard Company. Inc.. ot
Houston. Texas,
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AEROSOL COLLECTION

. Y. ’-

Acrosol that was generated by the CSN was collected as shown i tigure 3 During the
, purge and prespark cveles. the valve was set to vent the aerosol to the room. During the
| tntegration cxcle. the valve was switched 1o direct the aerosol into the tilter assembly where the
aerosol was collected on the filters §he filters used were 28 mmoan diameter and made of glass

¢

R
“ela
SR

fibers. The purge time was S scconds, the proespark 20 seconds, and the integration time was
30 seconds. For copper-base materials, the valve was solenoid-controlled to switch when the

vad

: : N
; integration cycle started. 1t was found that the solenoid valve intertered with the transter ot o
ferrous matenial. so for iron-nickel binanes, the solenord valve was replaced with a hand- .-:,
operated vahe Ry
=~
For cach sample examimed. three filters were callected Al three tilters were put in a o
Tetlon beaker and the acrosol was dissolved moaad and trken to a hinal volume of 25,0 mi. For ’
iron-nickel binaries. I ml of concentrated munic and 1 ml ot concentrated phosphoric acid was R\
used Copper-base matenials were dissolved with 2 ml ot concentrated nitnic aaid. The solutions ('_\ '
3 ‘s
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obtained were then analvzed by using conmventional-liquids 1CP. To account for impurities
already present in the filters. a blank consisting of three clean filters was also subjected to the
same procedure for cach collection run.

VALVE

AEROSOL--- VENT TO ROOM --3

FILTER ASSEMBLY-- [:::j r———J

Figure 3. Aerosol collection arrangement

INTENSITY MEASUREMENTS

For intensity measurements. the output of the CSN was connected to the plasma torch.

After the lines were purged with 12-2 min argon for S seconds. samples were subjected to a
20-s prespark. Intensities were then integrated tor S s by using the readout electronies ot the
spectrometer. The intensities reported were an average ot at least three runs, Relative standard
deviations for the intensity measurements were usually 200 or fess. Table 1 shows the emussion
Iines that were used tor intensity measurements, The Fe-273.96-nm line was used for iron-

cobalt binaries because ot a cobalt interference on the more commonly used Fe-271.44-nm line.
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Table 1. Emission wavelengths.
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) RESULTS AND DISCUSSION :
’s 3
~ AEROSOL COLLECTION 3
The results of aerosol collection experiments and CSN intensity measurements for a .
X set of copper-zinc and a set of iron-nickel binary alloy standards are given in table 2. The 4
L 18.4 ppm of iron found in the collection solution from National Bureau of Standards 1265 (an .
' electrolytic iron standard. 99.9¢¢ pure irom) corresponds to a sample crosion rate of 5.1 ug «. .
\: During normal liquids ICP. a 0.5¢; metal solution is aspirated at 2.5 m4 min. Assuming 4 K
. 1¢; sample nebulization efficiency (which is typical for the type of nebulizer used). this would
- correspond to an injection rate of 2.1 ug s of metal to the torch. Earlier work ! has shown that. .
W for steels. the signal intensities from CSN injection are about five times greater than those from
L liquids injection of a 0.5¢ metals solution. For these fesults to be consistent, cither the hquids X
i nebulization efficiency is less than 167 or some of the increased intensity observed with the "
- CSN is the result of increased torch temperature. A comparison of the intensity of argon '
418.19-nm and 419 ¥3-nm emission lines with and without liquids injection shows that the .
N intensity of the argon lines decreases by more than a factor of two when hquid 1s injected. This :‘.
N suggests that some of the increase in emission intensity observed with the CSN may well be the v
: result of an increased torch temperature. :
x
! Iable 2. Aerosol collection and emission intensity results.
P COPPER-ZINC ALLOYS
- Zn 2
o Sample  Intensity  Cu found € Cu c:Cu intensity ~ Zn found . Zn cZn ]
" (mV) (ppm) found certified (mV) (ppm) found certified ]
h
2 1251 79458 128 99 29 99 .90 4.96 0.09] 0.71 0.00 ‘
:‘( 0100 05T 13.39 94 45 9532 9% | 0.79 S.8§ 4.68 ’
{: 3009 6339 11.73 8R.7 90.20 I87.7 1.50 11.31 9.80 4
-, 300N 5950 1073 %44 KSIS NI 19 15.6 14.84 ;
) 007 5631 9.57 7%.0 79 %2 3K2.97 270 220 20.1% =
:j 005 491K ®.60 70.0 70.01 §26.312 69 20.01 28.70
e 003 4145 691 SX.51 $9.01 74101 4.90 41.8 40.19 \
5 W01 wll 6.32 53.3 S3R0 K73 5.54 46.7 46.2 h
X IRON-NICKFI ALLOYS :
- be Ni
N Sample  ntensity Fe found “iFe “i ke intensity Nt found Y CeNi
": (mV) (ppm) found certified (mV) (ppm) found ceptified
\c
. 1268 1756 18.4 99 6 99.99 10.4 0.07 0.40 0.000
[ 21 3840 19.4 99.2 99 3K 19.1 0.16 .80 0.62
o 4H 4025 19.4 96.7 96.9 582 (.66 1 210
“ 2C 1992 19.5 94.7 94 56 94.9 1.09 S.2K 5.44
- 3G K71 19.5 K9.9 X9.6 1760 207 10.0 10.37
> 4A 3762 1% X2.4 K188 2K 6 176 IS
57 1712 1.1 TR9 7799 407 BN 211 220
N K7F 1967 19.7 718 699 649 TR 288 30.1 y
N R&D 3353 16.65 61.5 60.0 Rb6 1041 RS 40.0 .
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Comparison of the percentage of zinc found in the acrosol with the percentage certified
in the samples show that for all standards i higher percentage of 2inc was found in the acrosol
than was certified in the samples. While this might be expected. since 72inc is more volatile than
copper (the boiling point of zinc is 908°C versus 2547° C for copper). the difference is quite
small, just larger than the experimental precision. In the iron-nickel alloys. a higher percentage
of nickel was found in the aerosol at low nickel concentrations. but a lower percentage was
found in the aerosol at high nickel concentrations. Again, the difterences are small. Nickel s
only shghtly less volatile than iron (boiling point of 2902 C versus 2877 C toriron). The fairly
close agreement between the composition of the sample and the composition ot the aerosol was
somewhat unexpected. particularly for the copper-zine svstem. Because of the great difterence
in boiling points of copper and 2inc. more tractional distillation of 2inc was expected.

Plots of CSN signal intensity versus the concentrations of metal tound in acrosol
collections are given n tigures 3. 5.6, and 7 In general, it was tound that the CSN intensity i
reasonably well correfated with the amount and composition of the acrosol eroded. Figure K
shows a plot of the “normalized ™ cnussion imtensity of the matrix element versus the total
amount of metal collected tor the ron-nickel allovs, The normalized intensity iy defined as
100 times the measured emission intensity ot the matrin element in the sample. divided by the
product of the emission intensity ot a sample of the pure matrix element and the traction of the
matrix element in the sample. Thus the normalized mtensity of a pure iron sampie 1s defined to
be 100. No evidence of any major nonhnearity or self-absorbtion of the emission lines is
observed. Thus the normahzed emission intensity, as defined above. appears to be a reasonably
good measure of the amount ot matenal eroded trom the sample.
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Figure 4 CSN emission intensity from Figure 5 CSN emission intensity trom
Cu-224-nm line versus copper content of Zn 330 nm line versus 2inc content of
aerosol collections for some copper-2inc aerosol collections for some copper zin¢
alloys alloys
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Figure 6. CSN emission intensity from Figure 7. CSN emission intensity from
Fe-271-nm line versus iron content of Ni-243-nm line versus nickel content of g
aerosol collections for some iron-nickel aerosol collections for some iron-nickel ’,
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CSN MEASUREMENTS

o

In addition to CSN intensity, measurements on the copper-zine and ron-nickel binary
alloys, measurements were also made for iron-chromium, iron-cobalt. and copper-tin alloys.

> WIS e s

4

Figures 9 through 13 give plots of the normalized emission intensity of the matrix element -_;
versus the alloving element concentration. If equal amounts of material were croded from all :.:
samples of a given alioys tvpe. all of the plots in figures 9 through 13 would be horizontal lines. ::\.
This is clearly not the case. All of the alloy svstems studied here show significant variations of :::'

the normalized emission intensity of the matrix element with composition.
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Figure 9 Normahzed intensity of Figure 10. Normalized intensity of .
Cu-224-nm line versus zinc concentration Cu-224-nm line versus tin concentration >
for some copper-zinc alloys. for some copper-tin alloys K
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One possible explanation tor the varation of the amount of matenal croded with
alloving is that alloving affects the enthalpy of vaporization of the sample. I the amount ot
energy expended in the spark gap s constant, then samples with lower vaporization enthalpies
would be more casily eroded. Vaporizatuon enthalpy information us a tunction ot alloy
composition is scarce in the hiterature. However, the vaporization process tor an alloy can be
broken into elementary steps.

For an alloy contaming metals A und B, with « the mole tracnon of B

Reaction Fnthalpy term
A By(3) = (1 = x)A) + 2 Bis) - AH
(1 = X)A(s) +xB(s) = (1 - x)Ag) + xBig) (- \i_\llmp( A) - \-\”\upm'
Ap_(By() = (1 = A+ B =AU - \;AH\th A \_\Hmp( By
R
where AH, . ((A)and AH ,o(BYare the vaporization enthalpies of pure A and Borespectivels. r:‘_
and AH . s the enthalpy of mixing of A and B tor the given composition. The enthalpy of T

vaporization of the alloy can be broken mnto the sum of the vaporization enthalpies of the
individual elements (multiphed by the appropniate mole traction) and the opposite of the en-

b )

;e
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thalpy of mixing. Values of AH oo arc available tor most binary alloys at some temperature= -
o . . . ~

and vaporization enthalpies of pure metals are well tabulated Compared to the vaporization Sa
M M " N N -..h
enthalpies. which run from 30-120 kcal g-atom for the metals considered here, the enthalpies XA

of mixing are small. ranging from about -2 to +2 kcal g-atom for the metal alloys considered
here. For our purposes, it is thus not a bad approximation to assume that

. % “"' v

AH plalloy Ay _ By =1l - x)_\H\up( A)+ xAH, (B)

p

s

p

o
.

o,

Table 3 gives values of the vaporization enthalpy caleulated 1n this manner for copper-zinc.
copper-tn, iron-nickel. and iron-chrominim allovs. The small changes in vaporization enthalpy
for the copper-tin system cannot account for the large changes in normalized emission intensity
that are observed i tigure 100 Furthermore, the vapornization enthalpies of the more highly

P 4
TANSYN
PPN

|
altosed copper-zine allovs are much smaller than the vaporization enthalpy of the 9.577 copper- e
tin alloy. vet the copper-un allov shows nearly 4077 more normalized mtensity. There is very "2
little ditference between the vaporization enthalpies of the iron-chromium and iron-nickel !"1
alloys systems over any of the concentration ranges studied. vet there are sigmticant differences :"_‘-q
in the normalized intensities. These results suggest that vaporization enthalpy s not a oy
significant factor in determining the amount of material croded from samples. .:'_:_‘

A more significant tactor in determining the amounts of material croded seems to be :"“;-*.

the melting pomt of the material. This is best tlustrated by the iron-chromium alloy system
Iron melts at 15382 C. while chromum melts at 18907 C Fxamination of the phase diagram tor
this s_\stcmz shows that, on the additom of chromium to pure iron, the melting temperature
declines until it reaches a minimum at 227 chromium (1507 C). then inereases towards the
melting temperature of pure chromium. Fxamination of figure 11 shows that the amount of
sample eroded mirrors this behavior. On the addition of chromum to pure iron. more matertal
1s croded until a maxsmum s reached between 107, and 200, chromium. whercupon the
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amount eroded decrcases steadily Tro o nc e r o ey T 1 i neche st
does not mirror the miclting-povne bbb o ae w0 e R T N A S LN A TFA N B (TR SRR
teatures of the dataindicate tat merog Seboaoar anportant e as s e g poot
otiron-nichel mintures decredsos s ok s e e e e e Pt el e ton T
mimimum near 65 mickel T The nenadoed ne s nee e 1D necase steadon up o

300 miche) and then decrease ~Shghts as U o ke 0 00 vt vased Sooabon e S Lrie aror,

cobalt data are also penerally consstons wartan oncioaee 0 ncrnsed nrens toowath docras
ing melting pomnt. although samples were avacabbe o e o coment o ap to IS Cohalt
The mintmum melting point tor the ran-cobalt svstens occuts near 600 cobalt =

The normalized intensity trom copper-tin wiion s ncrcases stronpely as the percentage of
tn in the sample s mcreased (hgare 1Oy The annoant of sample vroded dedariv mareases as the
meltir - point decreases The 95t sample s 340 more normatized intensity than the pure
copper sample Mcelting tor the 9 8 i saomple hegis at about 300 C and ends at abous
IO Cowhide pure copper melts at TOSS O Howevor the situation s ditterent tor copper-7in
allovs As e s added to copper the normaiized mtensity chgure ¥ decreases shightiy and
wavehs out at about YO of the noomadizod imtensity of pure copper This s true even at
467, /incs where the melting point has decreased 1o about 950 C Obvioushv, there s i facton
other than melting temperature that s emportant here

Other properties that nue adtedct the guantity ¢! actosol generated are the heat
capacitios and thermal conductivities ot the samples, since, prion to melting or vaporizing. the
samples must be heated in the solid state The heat capacitios will obviousty attect the tate ol
heating  The thermal conductsities are important because the rate of heat conduction away
from the point of spark attack will attect the temperature there and thus atfect the crosion rate
Inaddition, the temperature at the sample surtace close to the sites of spark attack may attect
the recondensation rate of the acr wol U ntortunately, neither of these properties can explaim
the ditterencs i sanipe crosion behaviot ohaertod between the copper-tin and copper-zimg

allous

STAINLESS STEEL CATLIBRATION

Pigure T4 shows normalized ntensitios as o tunction of the imon concentiation tor o
number of stainless steel standards Among the standards were termnic martensitic, and
austenitic tvpes 1t can be seen that the amounts of nuatenal croded vanied considerably amaony
the standards In particalarn the nurtenstc and ternnic steeis which contam primaans
chromrum as the maor aitoving clement were croded less than the austenitic steels, which
ustaliv contain more than 7 kel as weloas more than 12 chromuum This s consistent
with the results obtained for binary adoss which indicate that nichel tended to merease the
amount ot sampie croded much more thun chromium

It would be advantageous to be abie to analvze all stainless steeis regardless of tvpe
with a single calibration program Not only would prehiminary sorting of unknown samples he
avorded. but many specialty stee’s that have compositions intetmediate between the common
martensitic and austemite tpes could be analvzed without speaal cabbrations However o the
vaniabihty in sample erosion behavior shown in tigure 14 has prevented accurate calibrations
over the complete range of stainless steeis when using common spark emission equipment
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Figure 14 Normalized intensity of
Fe 271 nm line versus iron concentration
for some stainless steels

A common method used in spark work to account tor the varving amount of material
volatized trom ditterent samples s to pertorm what s somcetimes called a “matrix dilution™
calibration 1 tor the ™ clement i a saumple.

|I Cayme (n

where Ios the mtensity ot emisaon tor the Y clements mos the amount of material eroded: ¢
i the concentration of the clement i weight percentsand a; is a constant of proportionality:
and a smtable clement existamn all samples for use as ananternal standard (usually the matrix
clementis it s possible to construct i cahbration relationship of relative itensities versus
relative concentrations that is independent ot m Fhus

. R
N 40 |
2 2 4 (2)
Lo, Aot

where coagand By reter to the concentration, proportionality constant. and imtensity of the
mnternal standard clement Once cabibration relations ke cquation (21 are developed for cach
clement o the sampic at s possable 1o deternine the absotute concentrations inan unknown by
deternuning the relatinve concentrations through the use of measured relative intensities and
cyuation (2 and by miakimg use o the relation
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to solve tor ¢y Onee ¢ v determined. the absolute concentrations are determined simply by
multiplving the relatine concentrations by o). For this technigue to work. three condinons must
hold. Firste the intensity to concentration dependence must be linear. as tn equation (1),
Sceond. any background intensity must either be negligible or subtracted out beforehand.
Finally. the right-hand side of equation (3) must account for all of the elements in the sample.
or at least 994 of the sample compositton af 107 accuracy is desired

When this matrix dilution method s applied to the analvas ot 4 matenal such as
stainless steel with g conventional spark source. 1t usually tails, since the calibration curves are
not linear. Because of the greater hnearity of cahibration relations for the CSN=1CP system. it
was feit that a matnis dilution calibration might work for stainless steels, using the CSN-ICP.

Figures 15 and 16 show calibration plots tor nickel and chromium generated by using
} the same stainless steel standards as in tigure 14 Fmission intensities relative to the Fe-271-nm
line are piotted versus the concentration of the element divided by the concentration of iron in
the sample and multiplied by 100, The matnx dilution corrections seem quite etfective here,
since. despite the widely varving amounts of matenal eroded trom the difterent samples. the
cabibration curves are very linear. with scatter determined largely by the repeatability ot the
emission intensity measurements. It is important that these major elements be determined with
good accuracy. since they make up the largest part of the sumation in cquation 3. Signiticant
crrors in the concentrations of the major clements would lead to inaccurate concentrations tor
the rest of the elements as well, Good linear calibrations were also obtamed for manganese.
P silicon, copper. molybdenum, cobalt, niobium, and ttanium. Thus the CSN=1CP can be used
to analyze all ranges of stainless steels tor most of the elements of interest. An important
clement that cannot be determined in the CSN=TCP at the concentrations of interest for most
stainless steels is carbon, This is because of a high carbon background intensity 1in the 1CP
worch. !
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Figure 156 Calibration curve far nickel in Figure 16  Calibration curve for chromium in ~
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The most surprising result of this work is that the enthalpies of vaporization are not the
determining factor in the amount of material eroded in medium-voltage sparks. The melting
behavior of the alloys seems to have a more significant effect on the amount of material
eroded. Perhaps. instead of direct vaporization, the mechanism of erosion involves the
mechanical sputtering of molten metal into the aerosol. However. in a standard spark source,
for which both erosion and excitation occur sin:ultaneously. the sample eventually must be
vaporized to give an atomic emission signal. While it might be expected that melting would not
play such a significant role for standard spark sources as the CSN-ICP measurements here
would indicate. comparative measurements of iron emission signals from iron-nickel and iron-
chromium alloys. using a standard spark system. vield results similar to those observed in this
work: the chromium allovs show much less iron intensity than nickel allovs with the same iron
concentration.” The important factor may be the amount of material present in the discharge
gap. where vaporization and excitation take place. The sputtering ot maternial into the gap. and
thus the melting behavior. would then be important even in 4 standard spark stand.
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The copper-zinc alloy results show that effects other than melting behayvior must be
important for aerosol generation. but the identity of these etfects could not he determined.
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The results of the CSN-TCP stainless steel calibration indicate that. even though the
causes of variation in the amount of matenal eroded are not completels understood. they can
be corrected by a simple intensity ratio and matrix dilution caleulation procedure when lincar
calibration curves are produced. The calibration vielded superior analysis results for the main
elements of stainless steels of widely varving composition. The use of CSN-ICP. rather than
standard spark analysis equipment. for the examination of highly alloved materials is
recommended.
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